INTRODUCTION {#sec1-1}
============

Cardiovascular diseases in India cause 3 million deaths/y, accounting for 25% of all mortality.\[[@ref1]\] Moreover, research on Indian Asians living abroad indicates a 40% higher risk of ischemic heart disease (IHD) mortality than that for Europeans.\[[@ref2]\]

Traditional risk factors like smoking, hypertension, and diabetes are reported to account for only 50% of the prevalence and severity of the disease.\[[@ref3]\] The atherogenic dyslipidemic profile, especially mild to marked elevation of apo-B-containing lipoproteins, such as very low-density lipoproteins (VLDL), VLDL-remnants, intermediate-density lipoproteins (IDL), and low-density lipoproteins (LDL), and low levels of high-density lipoproteins (HDL)\[[@ref4]--[@ref6]\] appears to promote enhanced arterial cholesterol deposition and accelerate the progression of atherosclerotic disease.

Despite the use of new and effective pharmacological drugs to lower plasma lipid concentration, cardiovascular diseases continue to be the main cause of death in Western countries.\[[@ref7][@ref8]\]

Lipoprotein (a) (Lp (a)) has emerged as a powerful genetic risk factor for coronary artery disease (CAD).\[[@ref9]--[@ref11]\]

Lp (a) presents a lipid composition which is similar to the composition of LDL, but with a different protein content, since it presents the apolipoprotein (a) or apo (a) linked to apolipoprotein B by disulfide bridges.\[[@ref12]\]

In advanced atherosclerosis, Lp (a) is an independent risk factor not dependent on LDL. Lp (a) represents a coagulant risk of plaque thrombosis.\[[@ref13]\] ApoA contains domain that are very similar to plasminogen. The main function of plasminogen is to dissolve fibrin blood clots. Lp (a) accumulates in the vessel wall and inhibits binding of plasminogen to cell surface. This inhibition of Lp (a) also promotes proliferates of smooth muscle cells. These unique features of Lp (a) suggest that it causes generation of clots and atherosclerosis.

This study aimed at investigating the existence of changes in serum levels of Lp (a) and other risk factors in patients diagnosed with CAD established on angiography, comparing them to individuals with normal angiogram to correlate possible changes with the severity of the lesion.

MATERIALS AND METHODS {#sec1-2}
=====================

Study population {#sec2-1}
----------------

A cross-sectional study was done on 360 consecutive patients (300 male, 60 female) who underwent coronary angiography between June 2008 to October 2010. The study was approved by the Institutional ethics committee. Subjects were informed on the objectives and procedure of the study and informed consent taken. The consent form was both in English and Hindi language. Demographic profile, socioeconomic status, personal habits and disease risk factor history was recorded. Blood pressure (BP) was measured at the ward before the patients were sent to catheterization laboratory. Hypertension was defined as history of hypertension or taking antihypertensive drugs at referral or systolic blood pressure \> 140 mmHg or diastolic blood pressure \> 90 mmHg. Those patients with known history of diabetes mellitus (DM) or with fasting glucose higher than 126 mg/dl were labeled as DM.

Inclusion criteria patients for angiography with history of chest pain, angina, previously diagnosed myocardial infarction were enrolled. Exclusion criteria subject with diseases such as nephrotic syndrome, acute or chronic renal failure, thyroid disorders, acute infections, stroke and diabetic ketoacidosis were excluded.

Angiography evaluation {#sec2-2}
----------------------

Coronary angiography was performed using the Judkins technique. Coronary angiography results were evaluated byinterventional cardiologists who were blinded to the serum Lipoprotein (a) analysis.

In coronary angiography, CAD is defined as the presence of at least a \> 50% stenosis of major coronary arteries (left anterior descending, left circumflex, or right coronary arteries) or their major branches (diagonal, obtuse marginal, posterior descending, or posterior left ventricular arteries).

Blood collection and analysis {#sec2-3}
-----------------------------

Fasting blood samples were collected after 10 to 12 h before cardiac catheterization. Samples were taken in sterile tubes, centrifuged at 3000 rpm for 10 min at 4°C, and then stored at −80°C until assayed. Fasting blood glucose (FBG) level, serum total cholesterol, HDL-cholesterol (HDL-C), serum triglyceride and LDL-cholesterol (LDL-C) were estimated by standard methods.

Lipoprotein (a) estimation {#sec2-4}
--------------------------

Lp (a) was measured by agglutination due to an antigen -- antibody reaction between Lp (a) in a sample and anti-Lp (a) antibody absorbed to latex particles.The assay range is approximately 3-90 mg/dl (Randox.Lab. Ltd U.K). Higher values of Lp (a) were again rechecked by diluting the sample by normal saline and results were standardized.

RESULTS {#sec1-3}
=======

The mean age of the patients was 54.31(±8.35) years ranging from 30-65 years. Among 360 patients, 270 patients (75%) had angiographically proven CAD and 90 (25%) had normal coronary arteries (non-CAD group). The systolic and diastolic blood pressure was significantly ( P \<0.001) higher in CAD patients as compared to non-CAD patients. The body mass index (BMI), total leukocyte count and fasting glucose were significantly ( P \<0.0001) higher in CAD patients as compared to non-CAD patients.

There was a highly significant ( P \<0.0001) difference in the level of triglycerides between CAD (182.76 ± 43.86 mg/dl) and non-CAD (124.14 ± 44.01 mg/dl) patients. A highly significant difference was observed in the level of VLDL between CAD (36.03 ± 9.19mg/dl) and non-CAD (24.68 ± 8.89 mg/dl) patients. However, the HDL was significantly ( P \< 0.0001) lower in CAD (30.88 ± 7.52 mg/dl) patients as compared to non-CAD (40.04 ± 9.27 mg/dl) patients. The lipoprotein (a) level was significantly higher in CAD (48.73 ± 23.85 mg/dl) patients than in non-CAD patients (18.95 ± 11.15 mg/dl)\[[Table 1](#T1){ref-type="table"}\].

###### 

Comparison of clinical and biochemical parameters between coronary artery disease and non.CAD patients and as defined by angiography

![](HV-14-12-g001)

Comparison between diabetics and non-diabetics in diseased vessel patients {#sec2-5}
--------------------------------------------------------------------------

The BMI, total leukocyte count, total cholesterol, triglyceride and VLDL levels were almost similar in both diabetic and non-diabetic diseased vessel patients ( P \> 0.05). However, fasting glucose was significantly ( P \<0.0001) higher in diabetic diseased vessel patients as compared to non-diabetic diseased vessel patients. Similarly, serum creatinine was also significantly (*P* = 0.02) higher in diabetic than non-diabetic diseased vessel patients. The level of lipoprotein (a) was significantly ( P \<0.0001) higher in diabetic (60.20 ± 27.72 mg/dl) than non-diabetic (44.72 ± 20.99 mg/dl) diseased vessel patients \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparison of body mass index, hematological and biochemical parameters between diabetics and non-diabetics in diseased vessel patients
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Comparison of parameters by vessel grades {#sec2-6}
-----------------------------------------

Total leukocyte count was significantly different (*P* = 0.001) among the vessel grades. The Bonferroni pairwise comparison test showed that total count was significantly (*P* = 0.001) different between vessel Grade 1 and 3. The total cholesterol, HDL and LDL were insignificantly different among the vessel grades ( P \> 0.05). However, triglyceride (*P* = 0.01) and VLDL (*P* = 0.006) were significantly different among the vessel grades. The Bonferroni pairwise comparison test showed that both triglyceride and VLDL were significantly (*P* = 0.01) different between vessel Grade 1 and 3 \[[Table 3](#T3){ref-type="table"}\].

###### 

Comparison of hematological and biochemical parameters by vessel grades
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The lipoprotein (a) level was significantly ( P \< 0.0001) different among normal and different vessel grades. The level was also significantly ( P \< 0.0001) different from Grade 1 to 2 and 3. This was also significantly (*P* = 0.01) different between vessel Grade 2 and 3 \[[Table 4](#T4){ref-type="table"}\].

###### 

Lipoprotein (a) level in normal coronary and diseased vessels

![](HV-14-12-g004)

Half (50%) of the patients were in Tertile III followed by Tertile II (25.8%) and Tertile I (24.2%) with mean lipoprotein level of 59.90 ± 21.81 mg/dl, 29.36 ± 4.21 mg/dl and 15.53 ± 6.74 mg/dl respectively. An almost similar pattern was observed for CAD and CAD with diabetic patients \[[Table 5](#T5){ref-type="table"}\].

###### 

Lipoprotein (a) levels in different tertiles

![](HV-14-12-g005)

DISCUSSION {#sec1-4}
==========

In our study Lp (a) levels correlated positively with severity of atherosclerosis. The most relevant finding was that Lp (a) levels 21.0 mg/dL were not only associated with the presence of coronary disease but also with the severity of the coronary atherosclerosis.

A trend towards an association between higher Lp (a) levels and severe patterns of coronary atherosclerosis has been reported.\[[@ref14]\] Our results indicate that Lp (a) levels 21.0 mg/dL are associated with the presence of coronary disease, even when cardiovascular risk factors and specific treatments (statins and/or aspirin) were taken into account.

Results show that a high level of TG (150 mg/dl) is strongly associated with greater extent of CAD. which is in accordance with the documented epidemiologic observations reported by Melissa Austin that hypertriglyceridemia commonly occurred in CAD patients.\[[@ref15]\] Triglyceride concentrations (130 mg/dl) had a positive predictive value of 70% to identify individuals at risk for insulin resistance\[[@ref16]\] and insulin resistance and hypertriglyceridemia may contribute together to the increased risk of CAD in hypertension.\[[@ref17]\] Relation between Lp (a) and coronary disease should be a constant concern and object of investigation, especially in normocholesterolemic individuals.

In conclusion, this study confirms the usefulness of Lp (a) and other risk factors to predict the severity of coronary atherosclerosis, suggesting that Lp (a) levels should be determined in patients with CAD, especially in normolipidemic individuals. Although all patients with hypertension and CAD require aggressive risk modification, the subgroup with high levels of Lp (a) and TG may designate multiple-vessel involvement and probably needs close clinical surveillance.

There are limitations to our study in that enrolled subject might not be representative of the entire population with CAD as subjects recruited were referred for coronary angiography in tertiary care hospitals.

We would like to acknowledge the support of the clinical biochemistry staff SGPGIMS, Lucknow for laboratory work.

**Source of Support:** Nil

**Conflict of Interest:** None declared
